Abstract. The problem that whether FDI can exacerbate China's haze pollution is very worthy of attention. This research used the SLM to test the space relationship between FDI and haze pollution in China. The results showed as follows: PM 2.5 , PM 10 and FDI in China have strong spatial auto-correlation and spatial clustering phenomenon; FDI has a negative effect on Chinese haze pollution, in which an increase of 1% in FDI, the concentration of PM 2.5 and PM 10 will decrease 0.0064%～0.1897% and 0.04%～0.1573%; GDP and haze pollution is a relationship of N-form, Population size, urbanization level, environmental regulation, construction area, and energy consumption will exacerbate concentration of haze. Therefore, the "pollution haven" hypothesis on FDI is not yet established in China. Therefore China can continue to increase the intensity of FDI investment in environmental protection industry to governance haze pollution.
Introduction
With the continuous promotion of foreign direct investment, China's economy has developed rapidly and its achievements are remarkable. According to the National Statistical Yearbook (2016), the data show that China's FDI inflows during 1978-2015 has reached 1.62 trillion U.S. dollars, contributing 4% -5% of China's economy. But with rapid economic growth, smog and other air pollution problems are becoming more and more severe. Especially since the end of 2011, large-scale haze pollution problem has become more frequent and harmful in China. To cope with these serious environment problems, Chinese government issued new air quality standards timely in 2012, and it's the first PM 2.5 standards in the developing world. At the same time, the research on natural physical factors of haze pollution in China has been further developed, and the social factor analysis based on haze pollution has begun to increase gradually. Is the rapid growth of FDI a social-economic factor in China's haze pollution? This problem has become a strategic research issue that cannot be ignored and cannot be avoided in the construction of ecological civilization in China. Because FDI is already quite high in China's pollution-intensive industries. In 2015, FDI accounted for 37.84% of the total investment in the polluting industries according to database. [1] This fact attracted us pay close attention to whether FDI is the cause of the severe haze pollution in China. Based on this, this paper used the spatial econometric model to test the influence of FDI on haze pollution.
Literature Review
One of the main theoretical foundations of FDI for environmental problems in host countries is "Pollution Haven Hypothesis" (PHH), which comes from the theory of Copeland and Taylor (1994) . PHH has pointed out that as developed countries have higher environmental awareness and environmental standards than developing countries, the environmental cost of polluting industries in developing countries is lower than in developed countries. In this case, the pollution industry in developed countries will be transferred into developing countries, resulting in a "polluted paradise" for developing countries. But there are important differences about "polluted heaven" between many scholars.
The first argument supports the "pollution paradise" hypothesis. Tang (2015) , the results show that because of technology and management spillover, such as the size of the market, there was no significant evidence showed that FDI has impact on environmental pollution, and spillover effects can also reduce the pollution level, and "pollution halo". The third view is that the impact of FDI on environmental pollution is uncertain (Dean, 2009 [14] There are also literature on the impact of FDI on smog pollution, such as Shahbaz(2015) and others who believe that FDI will increase the concentration of haze. However, Zhang (2016) believes that using FDI to introduce foreign environment-friendly technologies and products can improve the haze pollution in Chinese cities. [15] The above literature have conducted in deep empirical investigation and research on the relationship between FDI and air pollution. However, it is still lack of the impact of FDI on haze pollution. And the model selection is too subjective. Also, index selection is not representative. What's more, the validity of data is insufficient. For this purpose, this paper intends to expand this issue on the basis of original literature:
First, a large number of documents are based on "the health hazard of life" to target the scope of haze pollution research within the PM 2.5 range. However, PM 10 and PM 2.5 would be subject to the changes of ingredients, seasons and concentrations. This paper also considered the influence of FDI on both PM 10 and PM 2.5 pollution. Second, in this paper, PM 2.5 and PM 10 are selected as explanatory variables to ensure the comprehensiveness of haze analysis. What's more, both the economic and social factors of haze concentration and the natural physical factors are conducive aspects. Finally, according to the previous test results, we compared different SLM models, which guaranteed the scientific of this problem.
Variables, Data and Descriptive Statistics
Explained variables: considering the difference between PM 2.5 and PM 10 hazard. In this paper, PM 10 and PM 2.5 concentrations are also interpreted as variables.
Core explanatory variable: foreign direct investment (FDI). This paper uses the FDI stock index to comprehensively examine the influence of FDI on haze concentration.
Control variables: We considered the economic, social and natural factors such as physical as control variables in this paper. (2015), and the data of other years are calculated with interpolation method. [16] 
Empirical Methods and Analysis
In general, we use Global Moran I and Geary C index to test global spatial autocorrelation. Global Moran's I index is expressed as:
where n is the total number of regions in this; Xi and Xk are the haze observations in the I and k regions respectively.
∑ is the average of the properties.
is the variance of the observed variables; W ik is the spatial weight matrix, if the region I and the region k are adjacent, then W ik is equal to 1, otherwise W ik is 0. Moran's I index is between negative 1 and 1, and if it's greater than 0,which indicates that there is a positive correlation between the presence of space. It indicates that the same type of region clustered together. If it's less than 0, which indicates that there is a negative correlation of space and different types of pollution areas are adjacent to each other; If it is equal to 0, which indicates that the haze pollution is randomly distributed and there is no spatial correlation. The Geary's C index emphasizes the deviation between the observed values. The formula is:
The above variables are the same as (1), but the value of the Geary C index is between 0 and 2, and the negative correlation is greater than 1, if it is equal to 1, which means irrelevant, and less than 1 indicates positive correlation.
Using formula (1) and equation (2), the global Moran's I index and Geary's C index of PM 2.5 , PM 10 and FDI were calculated respectively from 2006 to 2015, and the results were shown in table 1. 10 and FDI are both greater than 0 and less than 1, significantly deviating from random distribution and showing the trend of volatility. Meanwhile, both PM 2.5 , PM 10 and FDI Gear's C index are all greater than 0 and less than 1. This fully indicates that there is obvious spatial dependence of PM 2.5 , PM 10 and FDI in adjacent areas.
Because of the existence of spatial correlation, we used the maximum likelihood of space measurement.
Local spatial correlation mainly analyzes aggregation problems. The local Moran's I index can be used for testing, which is specifically expressed as:
The above variables are similar to the global Moran I, where the negative local Moran's I indicates a low value is surrounded by high values, or that high values are surrounded by low values. The positive local Moran's I indicates that a low value is surrounded by low values, or high values are surrounded by high values. Figure 1 , Figure 2 and Figure 3 report the China's PM 2.5 pollution, PM 10 and FDI scatter plot in the part of geographical distance weighting matrix. In Figure 1, Figure 2 , Figure 3 , the horizontal axis respective the standardization of PM2.5 density value, the PM 10 density and FDI inflows, the vertical axis is PM 2.5 and PM 10 density and spatial lag value of FDI. The image is divided into four quadrants, each quadrant indicates different spatial autocorrelation types: first quadrant indicates a high -high positive correlation, the third quadrant respective low -low positive correlation, the second and four quadrant represent area of the negative correlation. The three test results show that China's PM 2.5 , PM 10 and FDI have significant high concentrations and low-low positive spatial autocorrelation. In the three years, the number of province of the Moran Index of FDI in the third quadrant is 12, so the total sample ratio is 38.71%. The results show that the haze pollution and FDI in most areas in China have the characteristics of high-high concentration and low-low concentration, and there is significant spatial autocorrelation. Then we use the LISA cluster map to test the spatial correlation of the local area. The test results are shown in Figure 4 , Figure 5 and Figure 6 . Figure 5 show that the haze pollution in China also forms a different aggregation region in the local spatial distribution, and the haze pollution in one region can affect the environmental conditions of the adjacent areas. Figure 6 shows that FDI in China has formed different concentrated areas in the local spatial distribution. It is found that in Figure 4 , Figure 5 and Figure 6 , the overlap of high value region of PM 2.5 , PM 10 and FDI is not significant. In order to further verify how FDI affects smog pollution, it is necessary to import the space measurement model for further analysis. After we determined the space measurement model with spatial correlation test, then we selected the spatial econometric model according to data characteristics and research objects. In this paper, we adopt the LM test and information criterion method to select the model and then determine the fixed effect according to the Hausman test. The specific test results are shown in Table 2 . The LM test results showed that both variables were significant at 1% level. Therefore further test for robust LM test showed that two variables of robust LM -Error inspection at 5% significance level is not significant, and robust LM -Lag at 5% significance level are significant, so the final model is the spatial Lag model. The Hausman test results showed that two variables were significant at 1% level. Therefore, we chose the fixed effect lag model to estimate this issue.
According to the previous test, and in order to eliminate the variance between variables, we took the logarithm of all variables and set the following model:
lnPM it =ρWlnPM it-1 +α 0 +α 1 lnGDP it +α 2 ln 2 GDP it +α 3 ln 3 GDP it +α 4 lnFDI it +α 5 X it +ε it , ε it
where PM it represents the annual average of PM 2.5 or PM 10 of area I in year t; GDP it represents the output level of region I in year t; FDI it represents the foreign direct investment of region I in year t; X it represents other control variables; ρ is the spatial spillover effect of haze pollution in adjacent areas to other regions, which is between -1 and 1. W represents the spatial weight matrix of n*n order, expressing the spatial distribution of observation variables in different regions. The spatial weight matrix of this paper selects the 0-1 matrix; WlnPM it-1 represents space lag variables; α 0 represents the individual effect of the items that can not be observed in region I; ε it represents the independent random error vector. Table 3 reports the results of FDI dynamic spatial lag model combined with generalized moment estimation method under the fixed effect, space fixed effect, time fixed effects and double fixed effects. Table 3 estimation results show that the spatial lag regression coefficient of all models is positive at 1% level, which indicates that the FDI has an influence on the concentration of PM 2.5 and PM 10 . It is shown that the non-fixed effect space lag model is better than the other three effects models. Therefore, we chose the SLM model with no fixed effect to explain the influence of FDI on PM 2.5 and PM 10 .
Conclusion
The geographical distribution of FDI, PM 2.5 and PM 10 has strong spatial autocorrelation, and the single factor has a cross-regional influence. From the clustering effect, the regional aggregation of FDI is closely related to the industrial layout, and PM 2.5 and PM 10 are closely related to the industrial structure and energy consumption patterns of the region. Natural geographical factors (such as wind direction, wind in the haze of mobile) and industrial factors (such as industrial diffusion cause haze) relating to the neighborhood of PM 2.5 (PM 10 ) has a significant positive spillover effect between. There is no obvious overlap between FDI and PM 2.5 and PM 10 . Which means the concentration of foreign direct investment is not necessarily the most serious area of haze pollution. The main reason is that China improved the requirements of FDI, many place would prefer those company with advanced energy-saving and clean technology to achieve the purpose of environmental quality with the innovation of technology. The hypothesis of "pollution paradise" based on FDI in haze pollution is not true in China. So FDI is beneficial to improve the haze pollution in China. The GDP of regression coefficients are significant at the 1% and 5% level, and the primary coefficient is positive, the quadratic coefficient is negative, the cubic coefficient is positive, which represents an N-form relationship between GDP and haze pollution. Population size, urbanization rate, construction area have positive effect on PM 2.5 and PM 10 , which means the process of urbanization and population all accelerated with Chinese opening after the second child of population growth. The environmental regulation has no significant impact on haze pollution, which indicates that the current industrial dust in China does not cause the increase of PM 2.5 and PM 10. Keep an eye on the structural changes in industrial dust.
In conclusion, the government needs to pay more attention to optimizing the FDI structure, improving the evaluation criteria of FDI quality, and rationally guiding the investment direction of FDI, realizing the win-win goal of "treating haze" and "attracting capital".
